DIFFUSION OF PURE LIQUID HYDROCARBONS IN HIGH SILICA PENTASIL ZEOLITES by MAMMAN, A. S.
Abstract
Intra crystalline diffusion plays a very vit?Z role in pentasil zeolites in deciding the product distribution in catalytic processes and also in adsorption separation processes in which the adsorption is kinetically controlled. The diffus?onal and/or shape selective properties of these medium pore size zeolites could be altered by the modification of the zeolites. A number of studies have been reported on the diffusion of gaseous compounds in ZSM-5 zeolites. However, studies on diffusion of liquid species in ZSM-5 are very scarce. Also, no detailed investigation has been reported so far on the diffusion and/or catalytic reactions in modified ZSM-8 zeolites. The present investigation was undertaken with following objectives: 1. To study diffusion of liquid cumene in ZSM-5 and factors (viz. type of cation, calcinations temperature and poisoning of zeolite) affecting the diffusion. 2. To study influence of modification of H-ZSM-8 by MgO, P2O5 and B2O3 on its acid strength distribution, diffusional properties (i.e. diffusion of liquid cumene) and catalytic activity/selectivity in the cumene cracking, o- and m- xylene isomerisations and methanol and ethanol conversion reactions. Diffusion of Cumene in ZSM-5 Diffusion of cumene in ZSM-5 zeolites from liquid phase at 283-328 K has been studied using a novel volumetric apparatus. Influence of temperature and zeolite parameters such as cation type (viz. H+, Na+ and NH4 +), dehydroxylation and poisoning of the strong acid sites (by pyridine) of the zeolite on the diffusion has been investigated. The diffusion of cumene in ZSM-5 and the activation energy of diffusion are found to be strongly affected by the above zeolite parameters. The influence of the parameters on the diffusion is explained by considering the changes in the effective channel diameter, particularly at channel intersections, and the interaction of diffusing species with cations in the zeolite. Acidity of Modified H-ZSM-8 Zeolite The acidity distribution on the H-ZSM-8 and MgO-, P2O5 and B2B3 modified H-ZSM-8 has been measured using the gc pulse method based on TPD under chromatographic conditions and the stepwise thermal desorption of pyrid?ne from 473 to 673 K. The modification of the zeolite in all the cases has resulted in a very significant decrease in the strong acid sites and also in the number of total acid sites, because of the blockage of existing acid sites on the zeolite by the modifying agents. Diffusion of Cumene in Modified H-ZSM-8 The modification of H-ZSM-8 by MgO, P2O5. and B2O3 caused a decrease in the cumene diffusivity and also an increase in the activation energy for the diffusion in the zeolite. This is mostly due to a reduction in the effective channel diameter and also partly due to the partial blocking of some of the channel openings on the external surface of the zeolite crystals. Catalytic Activity of Modified H-ZSM-8 Zeolite The catalytic activity of H-ZSM-8 and MgO-, P2O5 - and B2O3 - modified zeolites in cumene cracking and o- and m- xylene isomerisation, and also alcohol (viz. methanol and ethanol) conversion reaction has been investigated using a pulse microreactor attached to a gas chromatograph. The modification of H-ZSM-8 with MgO has resulted in the decrease of catalytic activity in the cumene cracking, o- and m- xylene ?somerisation and aromat?zation in methanol and ethanol conversion reactions. The shape selectivity of the zeolite, on the other hand, is found to be increased significantly even though the concentration of MgO in the zeolite is as low as 0.1%. The modification of H-ZSM-8 with P2O5 has resulted in the decrease in the aromatization activity (in both the alcohol conversion reactions) of the zeolite. However, the camene cracking and o- and. m-xylene ?somerisation activity of the zeolite is increased and also the para selectivity in the xylene isomerisat?on and ethanol conversion is increased after the modification. The modification of H-ZSM-8 with B2O3 has resulted in the decrease in the aromatization activity (in both the alcohol conversion reactions) of the zeolite but in the large increase in the conversion of cumene, o- and m- xylene. In general, the shape selectivity (or para selectivity) of H-ZSM-8 in the above reactions is reduced after the modification. The reasons for the observed changes in the catalytic properties of H-ZSM-8 after its modifications are discussed. 


